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1
METHOD FOR MONITORING AN EXHAUST
SYSTEM OF AN INTERNAL COMBUSTION
ENGINE

The present application is a 371 of international applica-
tion PCT/EP2012/004173, filed Oct. 5, 2012, which claims
priority of DE 10 2011 115 328.8, filed Oct. 7, 2011, the
priority of these applications is hereby claimed and these
applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

The invention relates to a method and an arrangement for
monitoring an exhaust system.

Exhaust systems are used for breaking down the pollutant
fractions of the exhaust gases that are generated during the
operation of an internal combustion engine. The remaining
exhaust gases are then discharged. The exhaust system is
generally composed of multiple parts, specifically one or
more silencers, pipes and a catalytic converter.

Catalytic converters in particular serve for exhaust-gas
treatment or for aftertreatment in order to reduce pollutant
emissions in the exhaust gas. Here, various types of catalytic
converters are known, such as for example three-way cata-
Iytic converters, unregulated catalytic converters, oxidation
catalytic converters and SCR catalytic converters. In SCR
catalytic converters, for example, use is made of so-called
selective catalytic reduction (SCR) as a method for the reduc-
tion of nitrogen oxides.

To monitor the functionality of the catalytic converter,
various methods are known.

Document DE 40 27 207 A1 describes a method for moni-
toring the catalytic activity of a catalytic converter in the
exhaust system of an internal combustion engine, in which
method signals that are output by measurement sensors
assigned to the catalytic converter are evaluated. Here, signals
from at least two measurement sensors are recorded, the
detected measurement variables are observed over a rela-
tively long time period, and an average value is formed. The
catalytic activity is determined by comparison of the mean
value with a predefined threshold value.

Document DE 43 08 894 A1 discloses a method for testing
the conversion of a catalytic converter in motor vehicles with
internal combustion engines. The testing is performed by
means of a temperature measurement upstream and down-
stream of the catalytic converter, wherein a temperature dif-
ference is determined. The testing is in this case performed
during overrun operation of the motor vehicle. The catalytic
converter is regarded as functional if, inter alia, the tempera-
ture difference increases and the temperature downstream of
the catalytic rotor lies in a predefined range during the test.

Document DE 42 11 092 Al describes a method and a
device for assessing the functionality of a catalytic converter.
In said method, use is made of the knowledge that the tem-
perature at which conversion begins in the catalytic converter
rises with the degree of aging of the catalytic converter.

Document US 2011/0143449 A1 describes a method for
monitoring an exhaust system, in which method it is estab-
lished whether or not a catalytic converter is present. For this
purpose, a measured time delay is compared with an esti-
mated time delay.

To check whether a catalytic converter has been removed,
it is known to arrange a differential pressure sensor across the
catalytic converter. Said differential pressure sensor has the
task of identifying whether a catalytic converter is installed,
or whether said catalytic converter has for example been
removed by the operator. In many applications, the differen-
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tial pressure sensor is installed only for the purposes of iden-
tifying an empty pipe. This incurs additional costs.

SUMMARY OF THE INVENTION

A method for monitoring the functionality of an exhaust
system is proposed, which method makes it possible to check
whether or not a catalytic converter is installed.

The described method serves for the monitoring of an
exhaust system of an internal combustion engine, which
exhaust system is provided for discharging, in a flow direc-
tion, exhaust gases that are generated by the internal combus-
tion engine. Here, in the exhaust system, there is provided an
installation location suitable for the installation of a catalytic
converter, wherein a first temperature profile is measured
upstream of the installation location as viewed in the flow
direction of the exhaust gas and a second temperature profile
is measured downstream of the installation location as viewed
in the flow direction. An expected temperature profile down-
stream of the installation location is determined on the basis
of the measured first temperature profile upstream of the
installation location, and the determined expected tempera-
ture profile downstream of the installation location is com-
pared with the measured second temperature profile down-
stream of the installation location in order to determine
whether the catalytic converter is installed at the installation
location. The comparison consists in an area between the two
temperature profiles, the determined or expected temperature
profile downstream of the installation location and measured
temperature profile downstream of the installation location,
being evaluated.

The method is expediently carried out during a temperature
step change.

It may be provided that the expected temperature profile
downstream of the installation location is determined by
means of a simulation, for example by means of an online
simulation.

In one embodiment, if there is a predefinable deviation
between the determined expected temperature profile down-
stream of the installation location and the measured second
temperature profile downstream of the installation location, a
fault is recorded in a memory.

Said memory may be read out at predefined time intervals.

Alternatively or in addition, the memory may be read out if
afirst temperature profile upstream of'the installation location
is constant.

Also proposed is an arrangement for monitoring an exhaust
system of an internal combustion engine, which exhaust sys-
tem is provided for discharging, in a flow direction, exhaust
gases that are generated by the internal combustion engine.
The arrangement serves in particular for carrying out a
method of the type described above. Here, in the exhaust
system, there is provided an installation location suitable for
the installation of a catalytic converter, wherein the arrange-
ment has a first temperature sensor for measuring a first
temperature profile upstream of the installation location as
viewed in the flow direction and has a second temperature
sensor for measuring a temperature profile downstream of the
installation location as viewed in the flow direction, wherein
the arrangement is designed to determine an expected tem-
perature profile downstream of the installation location on the
basis of the measured first temperature profile upstream of the
installation location and to compare the determined expected
temperature profile downstream of the installation location
with the measured second temperature profile downstream of
the installation location in order to determine whether or not
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the catalytic converter is installed at the installation location.
The comparison provides an evaluation of an area between
the two temperature profiles.

In one embodiment, the arrangement has a memory for
recording a fault if there is a predefinable deviation between
the determined expected temperature profile downstream of
the installation location and the measured second temperature
profile downstream of the installation location.

The method is suitable in particular for all applications
with SCR catalytic converters, wherein a differential pressure
sensor is not required.

It is thus made possible to test whether a catalytic converter
has been removed. A removal would result in non-compliance
with regard to emissions.

The temperature profiles are determined by means of exist-
ing temperature sensors upstream and downstream of the
catalytic converter. The temperature profiles are processed
and compared with one another in a suitable manner taking
into consideration the exhaust-gas mass flow rate. At the
instant at which an exhaust-gas temperature step change takes
place, it is expected that there will be a certain time offset
between the two temperature profiles. If this is not the case, it
can be assumed that a catalytic converter has been removed.

The use of a differential pressure sensor across the catalytic
converter, which has the task inter alia of identifying whether
a catalytic converter is installed or has been removed by the
operator, is thus omitted. Costs for sensors, cabling, hoses and
maintenance costs are thus saved. Furthermore, the exhaust-
gas aftertreatment reactor can be of simpler design, because
the number of measurement connectors that have to be
installed is reduced by two.

Further advantages and refinements of the invention will
emerge from the description and from the appended drawing.

It is self-evident that the features mentioned above and the
features yet to be explained below can be used not only in the
respectively specified combination but also in other combi-
nations or individually without departing from the scope of
the present invention.

The invention is schematically illustrated on the basis of
embodiments in the drawing and will be described in detail
below with reference to the drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows an embodiment of the described exhaust
system.

FIG. 2 shows temperature profiles in four graphs.

FIG. 3 shows, in a flow diagram, an implementation of the
method for testing an exhaust system by means of a described
arrangement.

FIG. 4 shows, in a flow diagram, a method for steady-state
identification.

FIG. 5 shows, in a flow diagram, a method for taking into
consideration the exhaust-gas flow rate.

FIG. 6 shows, in a flow diagram, the procedure for an
evaluation in an evaluation logic circuit provided for the
purpose.

FIG. 7 shows temperature profiles.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows, in a schematic illustration, an exhaust system
which is denoted as a whole by reference numeral 10. The
illustration shows an exhaust tract 12 in which exhaust gas is
discharged in a flow direction (arrow 14). In the exhaust tract
12 and thus in the exhaust system 10, a catalytic converter 18
is provided at an installation location 16, through which cata-
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4

Iytic converter the exhaust gas in the exhaust tract 12 flows in
order to undergo treatment or aftertreatment and in order for
pollutant fractions in the exhaust gas to be reduced.

A first temperature sensor 20 is arranged upstream of the
installation location 16 and thus upstream of the catalytic
converter 18 as viewed in the flow direction 14, and a second
temperature sensor 22 is provided downstream of the instal-
lation location 16 as viewed in the flow direction 14.

FIG. 2 shows, in four graphs, temperature profiles
upstream and downstream of a catalytic converter or an instal-
lation location in the event of a temperature step change.
Here, temperature profiles when a catalytic converter is
present are illustrated in a first column 30, and temperature
profiles when a catalytic converter has been removed are
illustrated in a second column 32. Temperature profiles in the
case of a high exhaust-gas flow rate are shown in a first row
34, and temperature profiles in the case of a low exhaust-gas
flow rate are shown in a second row 36. In each of the graphs
illustrated, the temperature in © C. is plotted on an ordinate
versus the time in s on an abscissa.

A first graph 38 shows a first temperature profile 40 which
represents the profile of the temperature upstream of an
installation location in the event of a temperature step change.
A second temperature profile 42 shows the corresponding
profile of the temperature downstream of the installation loca-
tion.

A second graph 44 shows a first temperature profile 46
which represents the profile of the temperature upstream of an
installation location in the event of a temperature step change.
A second temperature profile 48 shows the corresponding
profile of the temperature downstream of the installation loca-
tion.

A third graph 50 shows a first temperature profile 52 which
represents the profile of the temperature upstream of an
installation location in the event of a temperature step change.
A second temperature profile 54 shows the corresponding
profile of the temperature downstream of the installation loca-
tion.

A fourth graph 56 shows a first temperature profile 58
which represents the profile of the temperature upstream of an
installation location in the event of a temperature step change.
A second temperature profile 60 shows the corresponding
profile of the temperature downstream of the installation loca-
tion.

The four graphs 38, 44, 50 and 56 illustrate that a missing
catalytic converter has the effect that the two temperature
profiles 40 and 42, 46 and 48, 52 and 54, and 58 and 60,
respectively, move closer together in the region of the tem-
perature step change. The catalytic converter thus has an
influence on the temperature profile downstream of the instal-
lation location. As can be clearly seen in the second row 36,
said influence is far more pronounced at low exhaust-gas
mass flow rates. The omission of a catalytic converter can be
clearly identified in particular in the event of a temperature
step change.

FIG. 3 shows, in a flow diagram, an implementation of the
method for testing an exhaust system. For this purpose, the
illustration shows an embodiment of the described arrange-
ment, which is denoted as a whole by the reference numeral
70.

In a first block 80 (dynamic/steady-state identification), it
is identified whether a temperature step change is present. For
this purpose, the temperature (T_pre_cat_measurement)
upstream of the installation location is recorded (signal 82). It
is thus established whether a positive temperature step change
or a negative temperature step change is present. Correspond-
ing outputs are provided for whether the temperature is con-
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stant or in a steady state (signal 84), a positive step change
(signal 86) or a negative step change (signal 88) is present.
This information is transmitted to an evaluation logic circuit
90 and a second block 92 which takes into consideration the
exhaust-gas mass flow rate.

The second block 92 (deviation integrator) receives as
inputs the exhaust-gas mass flow rate (signal 94) and a signal
96 which takes into consideration a delta between a tempera-
ture measurement and a simulation (delta_temperature_mea-
surement_simulation) and thus a difference of the tempera-
ture measurement downstream of the installation location
with respect to a simulation of the temperature downstream of
the catalytic converter (T_post_cat_measurement-T_post_
cat_simulation). Said second block 92 outputs a signal 98
relating to a possible positive deviation and a signal 100
relating to a possible negative deviation.

In the evaluation logic circuit 90, a possible positive or
negative deviation is integrated, and taking into consideration
the difference of the measurement of the temperature
upstream of the installation location with respect to the tem-
perature downstream of the installation location, it is deter-
mined whether an empty pipe fault (signal 102) is present. If
it is thus established that the catalytic converter is not installed
atthe installation location, that is to say there is an empty pipe
fault, the corresponding signal 102 (empty_pipe_fault) canbe
output.

FIG. 4 illustrates, in a flow diagram, a method for steady-
state identification and thus the method that is carried out in
the first block 80 in FIG. 3.

Values of the temperature measurement upstream of the
installation location are taken into consideration (signal 82).
Said values are supplied to a subtraction element 112 both
directly and also via a delay element 114. The delay is for
example 10 seconds. A temperature step change can be iden-
tified in this way.

If no temperature step change is present or if a temperature
step change lies below a predefinable threshold, a first unit
116 (Abs<Limit) outputs the corresponding signal 84 (tem-
perature in steady state). If a negative step change is identi-
fied, a second unit 118 (>Limit) outputs the corresponding
signal 88 (negative step change). In the case of a positive step
change, a third unit 120 (<-Limit) outputs the corresponding
signal 86 (positive step change).

FIG. 5 illustrates, in a flow diagram, a method for taking
into consideration the exhaust-gas flow rate, and thus the
method that is carried out in the second block 92 in FIG. 3.

An OR element 130 receives as inputs the signal 86, which
indicates a positive step change, and the signal 88, which
indicates a negative step change. If a negative or a positive
step change is present, an enable signal 132 is generated and
input into an integrator 134. As further inputs, said integrator
134 receives, via a multiplication element 136, the signal 96,
which takes into consideration a delta between a temperature
measurement and a simulation (delta_temperature_measure-
ment_simulation) and thus a difference of the temperature
measurement downstream of the installation location with
respect to a simulation of the temperature downstream of the
catalytic converter (T_post_cat_measurement-T_post_
cat_simulation), and the signal 94, which characterizes the
exhaust-gas mass flow rate. The integrator 134 performs inte-
gration for as long as the enable signal 132 is generated.

The integrator 134 outputs a signal 138 which constitutes
an indicator for an empty pipe fault (fault_empty_pipe_indi-
cator). If the value of the signal 138 is higher than a threshold,
afirstunit 140 outputs the signal 98 which indicates a positive
deviation. If the value of the signal 138 lies below a negative
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threshold, then a second unit 144 (<-Limit) outputs the signal
100 which indicates a negative deviation.

During a temperature step change, there is an excessively
large deviation if no catalytic converter is present. The difter-
ence between the expected and the real temperature down-
stream of the installation location is multiplied by the
exhaust-gas mass flow rate and integrated.

FIG. 6 shows, in a flow diagram, the procedure for the
method in the evaluation logic circuit 90 in FIG. 3. A first
AND element 150 receives as inputs the signal 88, which
characterizes a negative step change, and the signal 98, which
indicates a positive deviation. A second AND element 152
receives as inputs the signal 86, which indicates a positive
step change, and the signal 100, which characterizes a nega-
tive deviation. The outputs of the two AND elements 150 and
152 are fed to an OR element 154. Thus, if a positive deviation
is identified in the event of a negative step change or a nega-
tive deviation is identified in the event of a positive step
change, a fault is recorded in a memory 156. Said memory
156 is read out if the temperature is constant (signal 84) and
then evaluated in a unit 158 which counts the faults. If a
predefinable threshold is exceeded, the signal 102 (empty_
pipe_fault) is output.

Thus, in one refinement, during a temperature step change,
it is always checked whether an excessively large deviation is
present. If so, this is stored as a fault. Said fault can, during a
temperature step change, be counted only as one fault.

The following equations apply:

T post_cat_simulation=flexhaust-gas mass flow rate,
T_pre_cat_measurement

Aftemperaturefmeasurementﬁsimulation:T _ post_cat_measurement—
T post_cat_simulation,

fault_empty_pipe_indicator={z,,sz o_»12"?%% 1 OA_

temperature_measurement_simulation*exhaust-
gas mass flow rate*dr

An evaluation of the temperature sensors is thus performed
with respect to an online simulation. If the simulation and the
model deviate, this is a fault which may indicate that a cata-
Iytic converter is not present.

By virtue of the fact that the exhaust-gas mass flow rate is
taken into consideration, the evaluation functions at all engine
operating points because the fault_empty_pipe_indicator
corresponds to the lack of energy in the exhaust system.

FIG. 7 shows a graph in which temperature profiles are
plotted against time. A first profile 200 shows the calculated,
that is to say the determined, expected temperature profile
downstream of the catalytic converter, and a second profile
202 shows the measured profile downstream of the catalytic
converter. The two profiles 200 and 202 are compared with
one another by virtue of an area 204 between the two being
evaluated. This is performed for example by integration. If the
area 204 is larger than a predefined value, then it is inferred
that a catalytic converter is not present. [fthe area 204 is lower
than the value, then it is assumed that a catalytic converter is
present.

As presented here, the method may be carried out in the
event of a temperature step change. This is however not
imperatively necessary. In the evaluation of the area, it is also
possible for the exhaust-gas mass flow rate to be taken into
consideration, for example by multiplication.

The invention claimed is:

1. A method for monitoring an exhaust system of an inter-
nal combustion engine, which exhaust system is provided for
discharging, in a flow direction, exhaust gases that are gen-
erated by the internal combustion engine, wherein, in the



US 9,416,715 B2

7

exhaust system, there is provided an installation location
suitable for the installation of a catalytic converter, the
method comprising the steps of:

measuring a first temperature profile upstream of the instal-

lation location as viewed in a flow direction of the
exhaust gas;
measuring a second temperature profile downstream of the
installation location as viewed in the flow direction;

determining an expected temperature profile downstream
of the installation location based on the measured first
temperature profile upstream of the installation location;
and

comparing the determined expected temperature profile

downstream of the installation location with the mea-
sured second temperature profile downstream of the
installation location to determine whether the catalytic
converteris installed at the installation location, wherein
the expected temperature profile and the measured sec-
ond temperature profile are plotted and an area between
the plots of the two profiles is evaluated.

2. The method as claimed in claim 1, wherein the method is
carried out during a temperature step change.

3. The method as claimed in claim 1, wherein the expected
temperature profile downstream of the installation location is
determined using a simulation.

4. The method as claimed in claim 1, wherein the exhaust
system has an SCR catalytic converter.

5. The method as claimed in claim 1, further including
recording a fault in a memory when there is a predefinable
deviation between the determined expected temperature pro-
file downstream of the installation location and the measured
second temperature profile downstream of the installation
location.

6. The method as claimed in claim 5, further including
reading out contents of the memory at predefinable time
intervals.
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7. The method as claimed in claim 5, further including
reading out contents of the memory out when a first tempera-
ture profile upstream of the installation location is constant.
8. An arrangement for monitoring an exhaust system of an
internal combustion engine, which exhaust system is pro-
vided for discharging, in a flow direction, exhaust gases that
are generated by the internal combustion engine, wherein, in
the exhaust system, there is an installation location suitable
for installation of a catalytic converter, wherein the arrange-
ment comprises:
a first temperature sensor for measuring a first temperature
profile upstream of the installation location as viewed in
a flow direction; and

a second temperature sensor for measuring a temperature
profile downstream of the installation location as viewed
in the flow direction, wherein the arrangement deter-
mines an expected temperature profile downstream of
the installation location based on the measured first tem-
perature profile upstream of the installation location and
compares the determined expected temperature profile
downstream of the installation location with the mea-
sured second temperature profile in order to determine
whether the catalytic converter is installed at the instal-
lation location, wherein the expected temperature pro-
file and to the measured second temperature profile are
plotted and an area between the plots of the two profiles
is evaluated.

9. The arrangement as claimed in claim 8, further compris-
ing a memory for recording a fault when there is a predefin-
able deviation between the determined expected temperature
profile downstream of the installation location and the mea-
sured second temperature profile downstream of the installa-
tion location.



